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ABSTRACT. A rapid method has been
developed for the design of computing
s ystcm capabilities and/or human work
flow activities. This design method is
call Rapid Process Design (RPD) and is
based on the definition of processes and
no( requirements, This design originally
was dcvclopcd  for use as a preliminary
design tool supporting the Definition
l’hasc for system development programs
using the Rapid Dcve]opment
Methodology (RDM) [1]. The RPD
method allows for quick design of
automated computing processes for
immediate computing system capability
deliveries. A key clement of RI’]> is the
definition of a process and its associated
conditions and constraints. The process
definition can bc used to support
evaluation and testing of a delivered
computing system capability or human
work flow.

IN’1’RODUCTION

Traditional methods of system
engineering work well when there is
time and adequate funds for system
definition and requirements
dcvc]opment.  During traditional
dcvclopmcnt forma]izcd  requirements
can bc passed to dcvc]opcrs  for system
dcvclopmcnt, implementation and test.
flowcvcr, sys[cm engineering is being
put under too much strain from ]imited
time anti funds to support traditional
methods of (icvclopmenl.  This is

especially true for system engineering
efforts on military programs. The RI’D
method has been developed, and is being
used at JPL, to rapidly define and design
a systcm  or series of processes for
dcvclopmcnt.  The processes are
associated with a human performed set
of tasks or computing system operations.

RPD can be developed during the
Project Definition Phase of RDM. The
RPD can provide definition and design
for ini{ial and future systems
development without the burden of
forma] req uiremcnts. Forma]
documentation can then be provided as
system development proceeds, RPD can
bc used to shorten the Project Definition
Phase. This is accomplished by
obtaining support and process
information from the developers and
custonwr during this phase.

Traditional engineering generally
suppol”ts major systcm  deliveries with
extensive formal testing of the system
once implemented and operational.
Since RDM supports multiple
(incrcnlcmtal)  deliveries, it is vely costly
to attelnpt  formal testing for each RDM
incremental delivery. RPD can be used
to support evaluation and testing of each
RDM incremental dc.livery. These
incrcmenta]  test cffol”ls would  not
cxcludc  formal testing. A formal test
can be performed once the final RDM
delivery has been made and the
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rcquircmcnts have been completcci  and
fornmli7.cd.

1<1’1) ANI) SYSTEM lLNGJNIH!RING

The RPI1 is mainly developed and
complctc(i  during  the Project Definition
Phase of RDM. However, parts of the
design such as the process description
and process evaluation can begin in a prc
project phase wfmn the project is being
dcfi ncd and operational concepts are
being formulated. From the prc project
information the Mission Definition and
the Opcrationa]  Concept for human tasks
or comput  cr capabilities (system) can be
dcvclopcd,

I’rc Project Phase. RPD can bc used in
[hc prc project phase when the mission
(icfinition  and operational concept are
loosely defined, to assist in clarifying the
operational concept and capabilities that
need to bc designed and eventually
dcvclopcd.

I’rojcct  Definition Phase. Project
definition under RDM can be supported
by RPD. ‘Ile Mission Definition and
Operational Concept should be provided
in documents and completed during this
phase of development. The information
provi(icd  by these documents supports
[he completion of RPD by providing
information in these areas:

(1) Mission Definition. The Mission
Dcfhition  must express the
mission objectives of the user
tasks or capabilities that are
being designed and developed
ancl the mission impacts that may
rcsu]t given a set of known an(i
pcl”ccivcd  thrca(s to the Ovcrai]
operations of the system. The

Mission dci’lnition  should supply
information as follows,

(a) Mission objectives.

(b) Mission performance
critel-ia.

(c) Mission reliability
conditic)ns.

(d) hqission impacts (security
criteria).

(2) OIJcr?!j.o~lal..Co1~ce~J.  The
Operational Concept supports
RPD by providing information
for the process cicscription  and
process evaluation (user task and
present systcm capabilities).
Operational concept information
a]so suppoNs  process design and
supplies information as follows:

(a) ~’ask and capability
(sul)jcct  actions)
cicscriptions.

(b) information flows (object
to object),

(c) impacts to information
flows.

In refcrcncc  to RDM, the Project
Definition Phase and development of the
preliminary incremental delivery begin
at the same time. The incremental
deliveries continue until the system
undcl dcvclopmcnt  is complete. RPD
can bc used to dcsi~n incremcn[al  RDh4
deliveries. Ik~ch design for a delivery
could bc put in a sing]c document to
show the evolutionary cicvclopmcnts  as
the (iciivcrics  of capabilities procccci,



‘~hC CVO]U(iOIHlry  Ch:NlgCS C:ltl  bC: ] ) LISC1
tasks prOgl’CSSillg  tOW:ll’dS  COIll])Llting
sys[cm automation, or 2) ncw pmccsses
that could change how a Llscr performs
tasks or uscs the completing systcm
capabili(ics  [o comp]ctc  tasks. The
ChallgC  coLJ]d  bc in rcfcrcncc  to process
conditions sLlch as an incrcasc in
pcrformancc, security or reliability.

1<1’1) DEVIH.OPM1lNT

RPD development and docL]nmltation  is
based on three main sections. llach
seclion  provides information for process
description, cvalL1ation  and design. The
proccsscs can bc manual (performed by a
human) or automated (performed by a
computing systcm).  The m:inual as well
as CO1llpUtillg  SyStCIll operations IllLISt  bc
defined for future upgrade ancl/or
automation.

Process l)cscriptions.  lhc process
description presents the activities of a
user or computing systcm as task
procedures external to (I)c computing
system, or as automated processes within
the system. The user proccdLlres  are
specified as part of [he process design
and can bc automated in later project
deliveries as the system evolves.

Process Evaluation. l’hc process
evaluation part of RPD inc]Lldes  a
system process capabilities and
constraints evaluation, This part of the
RI’D is used to review and specify the
capabilities that will bc necessary to
implement or integrate the functional
portions  of a process within the syslcm
or environment of the operational site,
Hardware and/or software that is
presently being used at the customer
(opcrationa])  site may provi(ic  sLlpport

for the systcm/pmccsscs being
developed or integrated. The review
also includes an cval uat ion of t hc prcsc,nt
and future cap:ibilitics  of the system
being dcvclopcd,  and what capabi]itics
must bc added either by pLwchascd  or
developed software. If dcvclopmcnt  is
necessary, then an cval Llation  of existing
software development tools (i.e.,
compilers, linkers, report gencra(ors,
etc. ) will be provided and described as
part of capabilities evaluation.

The process constraints and performance
criteria must also bc specified prior to
the development of the process design.
These are requirements (i.e., security,
reliability, performance, etc. ) tha~ may
bc necessary for tllc completion of a
functional part of a process. These
requirements are Llscd in the process
condition description that corresponds to
a specific process fLmctional  description.
These Acquirements are general] y cicrived
from government reqLlircments or
allocated functional requirements for the
system or user operations.

Process Design. “1’hc process design is
the main part of tbc RPD and pmvidcs
the definition information for each
process of a user task or computing
(automated) capability. This part of RPD
uses a pictorial arrangement for the
definition of a process and process flow
that is (Iescribed  in lnore  detail in the
next section. The process design section
includes process description, process
state change conditions (positive and
negative) and/or process conditions or
criteria. ‘rhis part of the RPD docLInlcn(
can bc divided into sections for (hc
process design of each incremental
de] ivcry.
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PROCESS l) ESIGN MItTIIOI)

The kcy element of RPD is the definition
of a process. The process design must
proviclc enough information for
c]cvc]opcrs to autonlatc/dcvc]op  the
process without formal rcquircmcnts.
The process (as designed) is composed
of a process functional description, a
s[atc change condition$ a negative state
change condition and process conditions
or criteria (See Figure 1). Sonic process
conditions can be expressed as a model
(i.e., process security conc]itions or
constraints),

The design process is discL1ssed  using
the (crms SLlbjccls  and Objects. SLlbjcc(s
and objects can bc used as part of a
process condition model. Subjects arc
considcrcd:  1 ) users or administrators of
the computing system, or 2) proccsscs
within the computing syslcm  tha( act on
behalf of the user. Objects arc
containers that hold information within
the computing systcm  (i.e., files,
databases, messages, etc.). Subjects
perform actions on Objects that cause
State Change Conditions (i.e., open file
for read or write access to the file
information). A single action by a
Subject is considered a process. A task
(user) or capability (computing system)
is comprised of several actions by a
SLlbjcct.

Process I)escription and IJIow.  This
part of the design provides the central
description of each process that makes
up an operation by a subject. The
manual operations performed by a user
(subject) arc important to specify. They
may remain as user procedures or
bccomc candidates fOJ’ fUtUre coIllpLltcr
automation or work flow cnhanccmcnts.

‘;E;:ESTATE r%!!] r!!!!:
‘-c’ L
Figure 1. RP1) Process Design Layout

The p] ocess functional description
presented as a step--by-step flow
diagram.

is

State Change Condition. The State
Change Condition has been added to the
process design to show the changes to
infornlation  duc to a subject’s actions.
Subjects act upon objects to cause State
Changes (i.e., copy tile, send message,
update  database, change an access
control list, update user password file,
etc.). These changes can bc either
positive or negative depending on the
actions of the subject, The positive
changes are considered for the State
Change Condition part of the design.
The positive state chatlge condition can
bc demonstrated as par-t of the correct
opcrat  i ons of the process performed by a
subject.

Negative State Change Condition. A
negative condition occurs when a subject
dots not perform the necessary process
function or pcrfcwms  a process
incorrectly. These types of state changes
CaJI bc dcmonstratc(i  dLlring testing to bc:
1 ) blocked from occLlrri  ng by the
computing systcm,  2) shown to occur
infrequently and not considered a high



risk, or 3) occurring with
prevention and known as
system.

no means of
a risk in the

I’roccss Gmlitions.  Process conditions
(conditions imposed on the process) can
incl Lldc such things as performance
criteria, reliability criteria and/or security
constraints. A process condition, such as
security constraints, can be expressed as
an informal or formal model,
Pcrformancc criteria can be expressed
for each process based on a time
clcmcn[. The reliability condition can be
cxpresscci as the mean time to fail
(M’1”1’l’)  of the hardware components or
software modules associated with the
process. The security constraints model
(as a model example) presents the
conditions [hat are imposed on a
functional part of a process. These
con(iitions  must be initiated before a
process begins (performs some action on
objects) or ends (comp]eles  some action
on objects), ‘Ilc model not only assists
in the development of a process but can
also be used to assist in analysis and
testing of the process. The model should
correspond to the mission definition and
impacts established for the overall
systcm, Performance and reliability
con(iition  measurement criteria should
bc ICSS than the overall mission
definition for these conditions.

RPD AND SYS’I’12M
DIWIWOPMIIN1

The intent of RPD is to get developers
involved in the design and dcve]opmcnt
cffor(s as soon as possible during the
early s[agcs of RDM. Developers can
address user tasks and assist in making
decisions about what can bc automated
and what subject actions need to bc

changed. ‘1’hc dcvclopcr  can participate
in process definition, process evaluation
and pr occss dcsi:,n.  in terms of process
dcvclopmcnt,  lhc dcvclopcr can LISC each
part oi’ the process [icsign.

Process Description and Flow.  This
infornlation  is used 10 provide computer
software program development and
program flow. The information is also
used to define the. user actions as well as
what actions can be. programmed into a
computing systcm or need to be
redefined.

State Change Condition. This
information defines for the dcvclopcr the
outcolne  of the process.

Ncgafive  State Change Condition. A
nega[ive condition expresses the types of
conditions that sl]ould not occur given a
Llscr  or compu(cr  action. Using this
information a user task could be
changed. in rcfcrencc  to a computing
system, alarms, corrective software or
software checking mechanisms could be
added to a progranl  to mitigate or
prevel~t  a negative state change
condition.

Process Condition Model. A simple
mode] can bc Llscd to express a condition
or constraint that is imposed on the
process. The model can express to
developers how and where the condition
or constraint is 10 Ix implemented.
Model inforlnation  can also assist in
interpreting the condition or constraint
(requircmcno in tc.rms of
implement at ion.

Performance and/or Reliability
Criteria. ‘1’his critc.ria  provides
inforlnation  as to what user tasks and
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capabilities should change for bc.ttcr
process flow.

KPI) ANI) SYSTEM EVAI,UATION

Evaluations of incremental deliveries
must bcprovidcd  (lL]rillgclcvclo]>nlcIlt
and once the work flow Llpgradc or
conlpLlting  capability is operational al
the cus[omcr’s site. ‘i’hc evaluation
dLlring incremental development can be
used (0 assess lhc progress of the
developers (o ensure that RDM
schcdu]cs  will be met. An evaluation, in
the form of an operation] test, must also
be performed once a delivery has been
complctcd.  The results of this test can
be used for fLlturc delivery changes and
customer support.

l’hc RDM incremental delivery schedule
allows partial system itll]>lclllelltatioll  to
be rapidly made (within a matter of
months). There is little time however,
for evaluation of the development by
management to ensure that development
will bc done according to design and
schedule. Project managers have the
ability, using the process design, to
cval uatc the progress of the system
dCVC]OI)lllCllt  effort. lhiS can be dOne by
performing a compliance evaluation
(compare development to the process
design) during development to determine
how well dcvclopcrs are meeting the
design criteria. In areas of uncertainty,
rapid prototyping  may be used to
evaluate a process for capability,
pcrforlnancc, security, reliability, etc.
The comparisons arc made based on the
Mission I)cfinitions for the overall
sys(cm anti the pcrforlnancc,  sccLlrity
:ind reliability conditions associated with
CaCh PI’OCCSS.

RI’r~ ]J1”ovidcs  the Nl])]30rt for
Opcrationai  ‘1’csting  of a Ciclivcry.  This
is an cvalLlation  to cnsLlrc  that [he
cLls[olncr  ncccis  arc bc.ing met. The
Operational Test nlay inclLl(ic:

(1)

(2)

(3:

(4)

(5)

Process Flows used as test
procc(iure.s.

State Hlange  (;on(iitions  that
provide the lest pass criteria.

Negative State change
Conditions tha~ provi(ie  the test
fail criteria.

constraint or Gn(iition  Models
to evaluate I]c)w well the
constraints an(i conditions arc
being provi(icd by the developed
process. The cvalLla(ion  can
inclLlcie :tnalysis, test
dclllo]lstr;itiC)lls,  stress tests and
penetrations tests (security
evaluations).

Performance and reliability
conditions can be tested using the
criteria provideci  by the Mission
Definition and ti~c process
design. l’hc i>rocess  performance
and reliability measured values
shoulci be within the criteria
limits defined in the Mission
Definition.

CONCI.USIONS

Traditional design nlctho[is  using formal
require.ment cannot bc used in a timely
and cost effective Il”mncr [o support
RDM.  The R1’IJ mcttmi can provi(ic a
rapid (icsign of proccsscs  in support of
programs using RIJM. 1{1’11
accomplishes this ill scvcrai ways:
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(1)

(2)

(3)

(4)

(5)

Provides a flexible design which
L]scsl>roccss  [lcfillitiorl  and not
formal requirements.

lnvolvcs developers and
customers in the design process.

Provides a nlcans  of using
process description and process
evaluation to evaluate the present
state of the customer job-related
activities and associated
computing systems.

Adds conditions sLIch as
performance, reliability and
security to assist developers in
the interpretation of conditions
ncccssary for process
development.

Provides a means to evaluate
dcvclopmcnt progress and
adcqLlacy  of the delivercci system
in tcrrns of customer needs.

‘Ilcre are several attributes, as expressed
in this paper, for the design and
dcvclopmcnt  of systems that are
provided by using RPD. l+owever, there
are some aspects of system engineering
and RI’D use that need further review
and analysis. These inc]ude:

(1) RPD support for the
formalization of rcquircmcnts.

(2) RPD usc in formal testing.

(3) l;nginccring change process and
changes to RPD.

(4) IJsc of modeling fools in support
of process design and evaluation.
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